Objectives: The objectives of this study were to determine (1) the increase in antimicrobial resistance to frequently used antibiotics in the hospital setting over time and (2) the correlation between the amount of use of an antibiotic in a specific medical specialty and the observed resistance to that antibiotic in that specialty. Method: The total use of antibiotics and the use of ciprofloxacin (CIP), co-amoxicillin + clavulanic acid (AMCL) and firstand second-generation cephalosporins (CEF), respectively, in individual medical specialties were measured between 2001 and 2006 by means of prevalence surveys (two per year). The antimicrobial susceptibility patterns among E. coli isolated from hospitalized patients between 2003 and 2006 were obtained from the Laboratory Information System. Trends over time and correlation between use and resistance were calculated. Results: 6,639 patients were included in the prevalence surveys, of whom 3.0% (195) were treated with CIP, 9.7% (642) with AMCL, and 3.5% (232) with CEF. 4,790 E. coli isolates were obtained from hospitalized patients. Resistance to all antibiotics significantly increased over time, with the regression line showing that the strongest increase in resistance was for CIP (2.6% per year). There were large variations in antimicrobial use between various medical specialties. A significant correlation was found between the ward-specific prevalence of use and the percentage of resistance for CIP (R = 0.81, p < 0.001) and AMCL (R = 0.82, p = 0.003). Conclusion: At the level of individual medical specialties within one hospital, a higher prevalence of antimicrobial use among patients was associated with a significantly higher observed antimicrobial resistance. The use of CIP was associated with a stronger increase in resistance than the use of beta-lactams.
Introduction
The threat to human health posed by antimicrobial resistance is of growing concern [1, 2] . Many commensal and pathogenic organisms have developed resistance to antimicrobial agents [3] . In general, the development of resistance to microorganisms is associated with the amount of use of antimicrobial agents, as shown repeatedly in studies at national and regional levels [4, 5] . The use of antimicrobial agents in the entire hospital correlates with the observed level of resistance [6] . However, the relationship between the amount of use within individual medical specialties of a hospital and the observed level of resistance in this medical specialty has not been clearly established. Harbarth et al. [7] investigated this relationship but was unable to find a significant relation for most of the antibiotics studied. It is important to have a good understanding of the relationship between the amount of use of antibiotics on individual wards and the development of antimicrobial resistance as such information would support targeted intervention programs, such as ward-specific or antimicrobial agent-specific interventions.
The objectives of the study were to determine the increase in resistance over time for the most frequently used antimicrobial agents in our hospital and to determine if the amount of antimicrobial use correlates with the development of resistance in Escherichia coli in individual medical specialties.
Materials and Methods

Hospital Setting
The Amphia hospital is a 1,370-bed teaching hospital, in which all medical specialties are present. In 2005, there were 40,525 admissions and 265,665 patient-days.
Use of Antimicrobial Agents
To determine the use of antimicrobial agents per medical specialty, ten consecutive 1-day prevalence surveys were performed between 2001 and 2006 -two prevalence surveys per year, in the spring and autumn, respectively. The reliability of the prevalence surveys to quantify the use of antimicrobial agents was validated in an earlier study [8] . In this study, prevalence of use corresponds to the prescribed daily doses (PDD). In the prevalence surveys, the use of antimicrobial therapy was measured in all patients who were present in the hospital at 6 a.m. on the day of the survey; patients in daycare, in psychiatric wards, or on hemodialysis were excluded. The three most frequently used antimicrobial agents that are active against Gram-negative rods were included in the analysis: ciprofloxacin (CIP), co-amoxicillin + clavulanic acid (AMCL), and firstand second-generation cephalosporins (CEF), such as cefazolin, cefamandole, and cefuroxime (CFRX). The prevalence of antimicrobial use is expressed as the number of patients using a specific antimicrobial agent on the day of the survey divided by the total number of patients per medical specialty included in this survey.
Antimicrobial Resistance
The susceptibility patterns of E. coli isolated from hospitalized patients between 2003 and 2006 were obtained from the Laboratory Information System (LIS). E. coli was used as the target microorganism because it is the most common Gram-negative microorganism isolated in nosocomial infections in our hospital. Susceptibility patterns before 2003 were not included in our study because prior to 2003 another laboratory method was used. Antimicrobial susceptibility testing was performed with an automated system (Vitek; Biomé rieux, Marcy-l'Etoile, France). Interpretation of the antimicrobial susceptibility test results was based on guidelines from the Clinical and Laboratory Standards Institute (CLSI [formerly known as the NCCLS], Wayne, PA) [9] . Repeat isolates cultured from a patient after recovery of the initial isolate were excluded from analysis, unless there was a major difference in the susceptibility pattern. A major difference was defined as > 2-point difference in susceptibility pattern within 7 days and > 3-point difference within the whole period 
Data Analyses and Statistics
Statistical analyses were performed using the Statistical Package for Social Sciences software (SPSS ver. 12.0; SPSS, Chicago, IL).
Trends over time were examined using linear regression analysis. The Pearson correlation coefficient was calculated, and statistical significance was accepted when the chance for coincidence was < 5%.
Results
A total of 6,639 patients were included in the prevalence surveys between 2001 and 2006, of whom 23% (1,528) were on antimicrobial therapy. Of these, 3.0% (195) were treated with CIP, 9.7% (642) with AMCL, and 3.5% (232) with CEF. Regression analyses showed no significant changes in the total use of these antibiotics (p = 0.154) and in the use of CIP (p = 0.861) over the years. However, the use of AMCL (p = 0.009) and CEF (p = 0.001) did increase significantly during that period. Analysis of the pooled prevalence of antimicrobial use between 2001 and 2006 revealed large variations between various medical specialties, as is shown in table 2. CIP use was the highest in urology (8.7%) but not used at all in gynecology; AMCL use was the highest in pulmonary diseases (23.7%) and lowest in orthopaedic surgery (2.5%); CEF use was the highest in urology (8.2%) and lowest in cardiology and neurology (0.9%).
There were 4,790 E. coli isolates obtained from hospitalized patients between July 2003 and July 2006, which represents 36% of all Gram-negative microorganisms isolated from patients admitted to the Amphia hospital during this period. The mean number of E. coli isolates determined per quarter year was 399 (range 382-420), and no significant change was observed over time (Table 1 ). There was a significant increase in resistance over time for all antimicrobial agents (CIP, p < 0.001; AMCL, p = 0.031; CFRX, p = 0.012). Table 1 shows the number of resistant isolates per quarter year. The increase in microbial resistance against CIP, AMCL, and CEF over time is shown in figure 1. The strongest increase was observed for CIP, which showed an average annual increase of 2.6%; in comparison, the mean annual increase in microbial resistance to AMCL and CRFX was 1.5% and 1.9%, respectively. Table 2 As a last step, the analyses were repeated including intermediate susceptible isolates to the resistant group. This did not change the overall results (results not shown).
Discussion
A significant increase in antimicrobial resistance to CIP, AMCL, and CFRX over a relatively short period of time was observed, with the increase of resistance to CIP being stronger than that for AMCL and CFRX. This is a notable result considering that (1) the use of CIP was more or less stable over our study period, whereas the use of AMCL and CEF increased significantly and (2) the density of use of AMCL in the Amphia hospital was more than threefold higher than that of CIP. Based on our results, it would appear that fluoroquinolones are more prone to lead to resistance in microorganisms than beta-lactams. A high level of CIP resistance in relation to its usage has been reported earlier [10] [11] [12] . The 2006 European Antimicrobial Resistance Surveillance System report found that only Norway among European countries was able to keep their resistance level against fluoroquinolones in E. coli below 5%, with 11 countries reporting fluoroquinoloneresistant E. coli rates above 25% [12] . The increase observed in our study is stronger than that observed in other countries in previous studies. In a study carried out in the USA between 1997 and 2000, Lautenbach et al. found an increase in fluoroquinolone resistance in E. coli isolated from hospitalized patients of approximately 1.8% per year [13] . Another study from the USA reported an increase of resistance to CIP among aerobic Gram-negative bacilli in the period 1994-2000 of approximately 1.7% per year [14] . There is also a trend in the Netherlands towards increasing fluoroquinolone resistance in E. coli (from 3% in 2000 to 6% in 2006) [12] . This rapid increase likely represents an evolutionary phase in which resistance is increasing from a low level of resistance towards an equilibrium at a much higher level. We also observed a significant correlation between the amount of use of CIP and AMCL, respectively, and antimicrobial resistance rate to these two antibiotics in individual medical specialties (CIP, R = 0.81, p = 0.005; AMCL, R = 0.82, p = 0.003). For CFRX, no significant correlation between the amount of use (CEF) and the observed resistance to CFRX was found. A possible explanation for this is that first-and second-generation cephalosporins are frequently used for antibiotic prophylaxis. The dosing regimes for prophylaxis (short duration and relatively high dosage) are different from therapeutic applications.
The main conclusion that we draw from this study is that the use of quinolones is associated with more rapid development of resistance than the use of beta-lactam antibiotics.
Is this conclusion justified considering the methods that were used in this study?
First, to determine the correlation between use and resistance, we made the assumption that antimicrobial usage precedes the development of resistance. From a theoretic point of view, this assumption is logical and is supported by several publications that show a delay between the use of antibiotics and the development of resistance [15] . For resistance in Streptococcus pneumoniae, Van Eldere et al. [16] found a lag period of 1 year between antibiotic use and observed resistance. In our study, a time period of 2 years was used. The analyses were then repeated, excluding the data on usage from 2001 to 2002. The findings from both analyses were similar.
Second, for the analysis of the individual specialties, we pooled the E. coli isolates and the use of antimicrobial agents. It would be interesting to break down the numbers per year, but this did not result in a useful analysis due to the fact that the numbers per subgroup were too small. During the study period no changes were made in the antimicrobial stewardship policies in our hospital and interventions to improve the use of antimicrobials started only after the study was completed.
Third, the influence of antimicrobial use outside the hospital on antimicrobial resistance was not taken into account. Partial adjustment was achieved by includ- ing only the hospital-acquired isolates, which resulted in similar conclusions. However, this method will not entirely control for the effect of antimicrobial use in the community [17, 18] .
Finally, because all data were acquired from one hospital, the emergence of a resistant clone could influence the results of the study. In another study that we recently performed, all resistant E. coli strains from hospitalized patients were routinely typed using amplified fragment length polymorphism. A highly heterogeneous pattern was found, and there was not a single clone that had spread in our hospital.
Upon weighing these four different aspects, we consider our conclusion justified. The question that arises next is whether this process of development of resistance is reversible. Oteo et al. [19] investigated the evolution of community use of fluoroquinolones and trimethoprim-sulfamethoxazole (SXT) in comparison with the development of resistance to CIP and SXT in invasive community-acquired E. coli infections. Both the use and resistance of fluoroquinolones increased during the study period (2001) (2002) (2003) . However, although SXT use was strongly reduced from 1985 to 2003, SXT resistance showed only a slight decrease between 2001 and 2003. The authors speculate that this is most likely because SXT resistance in E. coli is often transferred by resistance genes that share other resistance mechanisms. Therefore, the decreased use of SXT may be compensated for by the use of other agents that also select for SXT resistance [20] . These mechanisms make it very difficult to reverse the process of antimicrobial resistance once it has been established. At the present time, it is unclear whether resistance, once it has been established, can be reversed. Therefore, it is of utmost importance to prevent the development of resistance in an early stage.
The correlation between hospital-wide antimicrobial use and fluoroquinolone resistance among inpatients has been described previously [13, 21, 22] . Our study shows that even at the level of individual medical specialties within one hospital, a higher prevalence of CIP use is associated with the observed rate of resistance. Based on our findings, we feel that it is justified to develop targeted interventions on specific wards. Furthermore, since the use of CIP has been shown to be associated with a stronger increase in antimicrobial resistance over time than the use of beta-lactams, a more restrictive use of fluoroquinolones should be a priority in antimicrobial prescription improvement programs.
